We propose a new class of photonic devices based on periodic stress fields in silicon. Our approach creates quasi-phase matched second-order nonlinear processes that can be used, for example, for efficient midwave-infrared generation. As a centrosymmetric crystal, bulk silicon lacks second-order optical nonlinearity -the foundation of nonlinear optics. Hence, its lowest-order nonlinearity originates from the third-order susceptibility χ (3) , which gives rise to Raman and Kerr effects [1] . However, silicon's crystal symmetry can be broken to create second-order nonlinearity by applying dc-electric field [2] , operating at interfaces where the crystal symmetry is interrupted [3] , and applying mechanical stress gradient with a deposited dielectric layer [4] .
be used for efficient mid-wave infrared (MWIR) generation. Such a capability has many applications including remote sensing of chemical and biological agents and environmental monitoring [5] . PePSi can also be combined with piezoelectric stressed layer [6] which offers the capability to dynamically control χ (2) in silicon using electronic intelligence. The technology presented here could open a new paradigm for exploring efficient χ (2) processes in silicon photonics.
The PePSi structure considered here is a channel waveguide integrated with silicon nitride (SiN) stressed films periodically patterned along the waveguide such that the sign of stress gradients induced inside the silicon core alternates along the waveguide. The resulting alternating dipole regions represent a new type of periodically-poled structure (Fig. 1a) . The PePSi waveguide has the silicon core dimension of 2 μm × 2 μm which supports optical waveguiding in both MWIR and near-infrared (NIR) regimes. For applications to MWIR, silicon-on-insulator (SOI) is not the desirable platform because of the high losses of SiO 2 at MWIR wavelengths. Instead, the silicon-on-sapphire is employed here as sapphire is transparent in MWIR.
In order to estimate the stress-induced χ (2) in the PePSi waveguide, we simulate the stress distribution in the waveguide by three-dimensional finite-element analysis (Fig. 1b and 1c) . The SiN film has a thickness of 1-μm at which is known to have approximately 1-GPa in-plane stress [4, 7] . In practice, the stress of the SiN film can be easily engineered by varying the deposition conditions [7] . Alternating compressive and tensile stress is achieved within a period by depositing a SiN over-cladding on top of the PePSi waveguide in half of the period, causing -100 MPa average compressive stress within the waveguide core (Fig. 1b) ; by depositing the SiN film astride the waveguide in another half period, causing + 500 MPa average tensile stress (Fig. 1c) . Based on a classical anharmonic oscillator model [8] , the stress-induced χ (2) may be heuristically approximated as χ (2) = 4q
where q is the electron charge, m is the electron mass, ε is the dielectric permittivity, a is the lattice constant, ω is the angular frequency of light, and S is the strain which is related to the stress by Young's modulus of the material and stress tensor element. The χ (2) induced in the PePSi waveguide is estimated to have oscillatory values from + 15 pm/V to -3 pm/V in each period and is in good agreement with measured values in [4] ..
The periodically alternating sign of χ (2) enables us to achieve efficient χ (2) processes by QPM. As an example of the utility of the PePSi technology, we consider generation of MWIR radiation from two NIR beams using difference frequency generation (DFG). We numerically investigated the QPM-DFG process in the PePSi waveguide using the nonlinear Schrödinger equations (NLSE) which incorporates (1) stress-induced χ (2) effects (2) χ (3) effects (Kerr effect, two-photon absorption (TPA)). We simultaneously calculate the free-carrier concentration resulting from TPA, and utilize known empirical relations to determine the associated free-carrier absorption and refraction. Taking the waveguide dispersion into account, the 8-μm-period of the SiN pattern is designed to satisfy the QPM condition in the DFG process: pump at 1.3 μm, signal at 1.6 μm and idler at 6.1 μm. The results (cf. Fig. 2a and 2b) show MWIR generation at 6.1 μm (idler wave) with a peak conversion efficiency of 13 %. This is achieved with a 20-ps pump pulse (peak intensity of 1 GW/cm 2 ), which is readily achievable under experimental conditions. The slight decrease of conversion efficiency at high pump intensities observed in Fig. 2b is primarily due to the TPA and the associated free-carrier absorption in the pump and signal waves, as well as free carrier refraction which introduces additional phase-mismatch.
In summary, we have proposed a new type of photonic devices based on what we call periodically-poled silicon (PePSi). Our approach employs periodic stress fields in silicon waveguides such that the crystal symmetry of silicon is broken in a periodically alternating fashion. This adds periodic poling technology to silicon photonics and allows the excellent crystal quality and advance manufacturing capability of silicon to be harnessed for devices based on the second-order nonlinear processes. As an example of the utility of this new technology, we show, via numerical simulations, generation of MWIR generation at 6 μm with 13 % efficiency from near IR pump and signal beams.
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